An automated kinetic method to determine creatinine in serum with the Jaff#{233} reaction is described. The method does not require deproteinization or adsorption of creatinine on Fuller's earth or ion.exchange resin. A maximum of 29 serum samples, standards, and control sera can be assayed in less than 1.5 mm. Interferences by most of the known Jaff#{233}-positive serum constituents were studied and minimized by optimal selection of the time interval during which the reaction rate was measured. Results of precision studies and correlation with a manual method requiring adsorp. tion of creatinine on ion-exchange resin are reported. Spectroscopic data suggest that the product of reaction between picrate and creatinine is a 1:1 adduct of the two starting molecules.
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interferences with Jaff#{233} reaction #{149} NMR spectrum of Jaffe r&wtion product in a special-purpose computer, which is programmed with the dials shown in Figure  2 . Dial 4 determines the time of the first absorbance reading after start, dial the time interval after which the second measurement occurs, and dial 1 the number of readings to be taken after the initial one. In the "rate" mode the absorbance change per interval is expressed in A/min. When toggle switch 7 is changed to the end-point or "terminal" position, absorbance differences between initial and every individual subsequent set of readings are measured.
Materials and Methods

Instrumentation
This approach allows compensation for cuvet-to-cuvet variations and for serum and reagent blanks if readings are taken before the reaction has become measurable.
A blank reading, recorded in a preceding run and stored by switching 8 from "autoblank" to "hold blank," can be used as initial reading in a subsequent run. After a selected time interval, all or just three readings are printed out, depending upon whether toggle switch 6 is in the "calibrate" or "operate" position. The last set of data stored in the memory can be multiplied by means of the digital switches (not shown) controlling display 3, which permits direct printout in concentration or enzyme units.
The rotor is thermostatically controlled to within ± 0.1#{176}C, in an air bath. 0, 4 mg creatinine/100 ml; 0, 4 mg creatinine/100 ml + 600 mg glucose/100 ml; 0, 1 mg creatinine/100 ml + 600 mg glucose/ 100 ml; , 1 mg creatinine/100 ml;S, 600 mg glucose! 100 ml and 10 mg of creatinine per 100 ml were analyzed (at 25#{176}C). The initial reaction rates, indicated by the absorbance change for several time intervals after the beginning of a run, were plotted against the concentration of creatinine; a perfectly linear relationship was obtained for all the time increments ( Figure 3) .
Reagents
Results
Standard
Interferences by several substances were studied. When aqueous solutions containing 7.0 g of albumin per 100 ml were reacted with picrate reagent, there was no measurable absorbance change during the first 1.5 mm. Ion-free serum (6.7 g of protein per 100 ml) was later substituted as a protein solution and the reaction curves are shown in Figure 4 . The interference is equivalent to less than 50 ig of creatinine per 100 ml for rates measured between 20 and 100 s.
As shown in Figure 5 , interference from glucose is completely negligible during the same time inter--val. The same was true for acetone and $-hydroxybutyric acid. 0, 1 mg creatinine/100 ml + 10 X normal acetoacetic acid (3 mg/100 ml); 0, 1 mg creatinine/100 ml + 0.3 mg acetoacetic acid; S. 1 mg/100 ml creatinine/100 ml; x, 10 x normal acetoacetic acid, (3 mg acetoacetic acid/100 ml); t, 0.3 mg acetoacetic acid/100 ml Acetoacetic acid at physiologic and pathological concentrations produced the interferences shown in Figure  6 . At 10-fold physiologic concentration, interference was equivalent to only 0.05 mg of creatinine per 100 ml. The reaction between acetoacetate and picrate is almost complete by the time the first absorbance reading is taken; only the unreacted acetoacetate remaining contributes to the interference.
Finally, these combined interfering chromogens were added to creatinine standards ( Figure  7) ; their total contribution to the linear reaction rate, measured between 20 and 80 s, did not exceed the equivalent of 0.08 mg of creatinine per 100 ml. The within-run precision was evaluated (Table  1) by simultaneous analysis of 25 aliquots from a serum pool or control sera (stored frozen). Dayto-day precision was also studied ( 20 days with the same serum pool and lyophilized control serum. Results for both of these precision tests were based on those for within-run aqueous creatinine standards.
Correlation between the results of the automated rate method and a manual resin adsorption method (4) is presented in Figure 8 . A least-squares fit of the data was used to obtain the regression line.
Structure of the Reaction Product
There is no conclusive information on the structure of the red creatinine-picrate complex. Therefore, we isolated the red reaction product by fast precipitation with concentrated HCI, which preserved the color of the Jaff#{233} complex In the spectra, the positions and ratios of all C-H protons are identical, but the positions of the N-H protons are different. Upon standing for a day at room temperature, the color of the solution of the isolated red Jaff#{233} product slowly becomes yellow.
Discussion
Kinetic methods of analysis are slowly becoming more and more accepted in routine chemical analysis as applied to clinical chemistry.
They offer the advantages of blanking out serum and reagent background absorbances, and if the initial reaction rate is used, they also are much faster than conventional endpoint methods (9). In some select cases, one can effect a "kinetic separation" when interfering chromogens react at the same time but at different rates. A similar approach is being taken for sequential rate reactions, such as coupled enzyme reactions, in which the indicator reaction has to be at least 1000 times faster than the enzymatic reaction if it is not measurably to affect the rate measurement (12). With batch parallel analyzers like the CENTRIFICHEM a large number of 
